OBJECTIVES: To examine the extent to which elderly individuals use various skilled care facilities after coronary artery bypass grafting (CABG). DESIGN: Retrospective cohort study. SETTING: State of Michigan from 1997 to 1998. PARTICIPANTS: Residents aged 65 and older enrolled in Medicare who underwent CABG. MEASUREMENTS: Cumulative incidence of admission within 100 days of hospital discharge, relative risk (RR) of admission, readmission or extended stay at a skilled care facility, and length of stay in a skilled care facility. RESULTS: Fifty percent of patients aged 80 and older used a skilled care facility after CABG, with most requiring admission to a skilled nursing facility (SNF) or readmission to an acute-care hospital within 100 days after discharge. Patients aged 80 and older had a significantly higher risk of admission to a SNF (adjusted RR 5 3.3, 95% confidence interval (CI) 5 2.8-4.0) than did those aged 65 to 69, as did patients aged 75 to 79 (adjusted RR 5 2.2, 95% CI 5 1.8-2.6) and those aged 70 to 74 (adjusted RR 5 1.5, 95% CI 5 1.3-1.8). The length of time spent in skilled care facilities significantly increased with age (mean days 5 13.3 for aged 65-69, 16.9 for 70-74, 19.6 for 75-79, and 22.9 for 80 and older; Po.001). CONCLUSION: Older patients are more likely to be admitted to a SNF, be readmitted to an acute-care hospital, and have longer institutional stays after CABG. When balancing the risks and benefits of CABG, physicians, patients, families, and policy-makers need to carefully consider the likelihood of follow-up institutional care in elderly patients.
C oronary artery bypass grafting (CABG) is effective at relieving symptoms and improving functional status in patients aged 80 and older. [1] [2] [3] Although initial data suggested that CABG in those aged 80 and older was associated with exceptionally high in-hospital mortality rates and complications, more-recent evidence indicates that it is becoming increasingly safer to perform CABG in the very elderly. 4, 5 In-hospital and short-term mortality rates in those aged 80 and older now range from 5% to 14%, and as a result, recent guidelines recommend that age alone should not be a contraindication to CABG. 6 Despite these improvements in in-hospital outcomes after CABG, less is known about skilled care requirements in elderly patients after hospital discharge. This is particularly germane to professionals who counsel patients regarding postsurgical care and is useful in anticipating the healthcare services needed within the months after discharge from the hospital. Two previous studies demonstrated that patients aged 80 and older were at higher risk for discharge to skilled nursing facilities (SNFs) after CABG, but these investigations involved a small number of patients and did not differentiate between those requiring short-term rehabilitation and those requiring extended stays. 7, 8 Additional studies have shown that older patients are at higher risk for readmission to an acute-care hospital after CABG but did not report the extent of cross-facility use. 9, 10 To better understand the skilled care requirements of older patients after CABG, outcomes were evaluated in the Medicare population of Michigan. Answers to the following questions were of particular interest. What is the extent of post-CABG use of skilled care facilities with regard to type of facility and number of admissions in the elderly? Does use of these facilities vary with age after adjusting for demographics and comorbidities? What is the overall duration of stay in these facilities, including the likelihood of an extended stay, particularly in patients aged 80 and older?
METHODS

Data Sources
The following 1997/1998 Medicare Standard Analytic Files (SAFs) were obtained from the Centers for Medicare and Medicaid Services for the state of Michigan: inpatient, SNF, and hospice. These files contained demographic, diagnostic, and utilization data on hospitalizations, SNF stays, and hospice services. Medicare Part A completely covered all services provided during acute inpatient hospitalizations, whereas SNF care was covered for a period of up to 100 days after hospital discharge if the length of the hospital stay was at least 3 days. Direct transfers were covered as well as SNF admissions within 30 days of hospital discharge. Data were also obtained from the Medicare denominator and cross-reference files, which included information on vital status and changes in identification numbers during the study period.
Study Population
For these analyses, patients undergoing CABG between July 1, 1997, and September 22, 1998, were identified in the Medicare inpatient SAF using International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) procedure codes 36.10 through 36.19.
11 These specific dates were selected to allow for a prehospital period of 6 months so as to identify comorbidities for case-mix adjustment and a follow-up period of 100 days. In cases in which patients underwent multiple CABG procedures during this time period, only the index surgery was used to determine immediate posthospitalization events. Only patients aged 65 and older at the time of CABG were included in these analyses. Patients residing at a SNF immediately before surgery were excluded (n 5 7). Because the analysis focused on the use of skilled care after hospitalization, the analyses of postdischarge skilled care utilization were limited to those patients surviving to discharge.
Although the data were restricted to Michigan residents, they included information on healthcare utilization regardless of location. Thus, a Michigan resident who underwent CABG in Florida but 2 weeks later was admitted to a SNF in Michigan would be captured in the study population.
Study Outcomes
The primary outcomes of interest were any use of a SNF and total length of stay at a SNF within a 100-day follow-up period after hospital discharge. Extended SNF stays (i.e., longer than 30 days) and readmission to hospitals (acutecare, long-term care, rehabilitation, and psychiatric facilities) were also evaluated. ''Complicated discharges'' were defined as outcomes that included death, admission to a hospice program, an acute-care hospital readmission of any length, or a SNF stay of greater than 30 days within the 100-day period after discharge from the CABG hospital stay.
The number of readmissions to various facilities and crossfacility usage within the 100-day period was recorded.
Independent Variables
Of primary interest was the association between a patient's age and the above outcomes. Patients were divided into four age categories for the analyses: 65 to 69, 70 to 74, 75 to 79, and 80 and older. Covariates used in the analyses were sex, race (black vs nonblack), surgical priority (elective, urgent, or emergent), comorbid conditions, socioeconomic status, and hospital length of stay. Socioeconomic status was measured using the mean social security income of households in the patient's residential ZIP code area.
Comorbid conditions were identified using the Elixhauser method, which has been shown to be preferable to previously described risk-adjustment methods such as the Charlson-Deyo comorbidity score.
12,13 The Elixhauser method was devised using administrative data to identify preexisting conditions using ICD-9-CM codes for secondary diagnoses. Data from the index hospital admission and all hospital admissions within a 6-month period before the CABG were used. Of the 30 Elixhauser comorbidities, 22 were present in more than 1% of the study subjects and were included in the adjusted models. These included congestive heart failure, cardiac arrhythmia, valvular heart disease, peripheral vascular disorders, hypertension, neurological disorders, chronic pulmonary disease, diabetes mellitus, renal failure, anemia, and depression.
Statistical Analysis
Chi-square tests for trend (Mantel extension test) were used to evaluate the relationship between age and patient characteristics (demographic, clinical, and healthcare utilization variables). One-way analysis of variance was used to evaluate differences in means across age categories. Cumulative incidence of outcomes (absolute risk) within the 100-day period after CABG was determined for all age categories. Population-averaged generalized estimating equations were used with the Poisson distribution and exchangeable correlation structure to account for clustering of data by hospital. 14, 15 Models were generated to assess the independent relationship between age and outcomes after adjustment for covariates using Huber/White/sandwich estimators of variance. 16 Exponentiated coefficients were used to calculate relative risk (RR) ratios and their 95% confidence intervals (CIs). For all analyses, alpha was set at 0.05 and two-tailed tests were used.
Human Subjects Protection
Written permission from the Centers for Medicare and Medicaid Services was obtained for use of Medicare data files. The institutional review board of the University of Michigan Medical School also approved this study.
RESULTS
Baseline Characteristics
Nine thousand two hundred eleven Michigan residents who underwent isolated CABG during the study period were identified. Of these, 454 (4.9%) died during hospitalization after their CABG, leaving 8,757 patients for further analyses. Table 1 shows the baseline characteristics of this study population. Mean age AE standard deviation was 73.7 AE 5.4, and 1,217 (13.9%) patients were aged 80 and older. Most patients were men (n 5 5,505, 62.9%), nonblack (n 5 8,369, 95.6%), and received their CABG in Michigan (n 5 8,007, 91.4%). In general, younger patients were more often male and black and had a higher prevalence of diabetes mellitus and chronic pulmonary diseases than older patients. Older patients had greater incidence of prolonged stays during their hospitalization for CABG (i.e., 48 days) and more emergent admissions. Finally, a greater proportion of younger patients underwent CABG at low-volume hospitals.
Skilled Care Requirements After Hospital Discharge
More than one-third of patients (36.5%) used a SNF within 100 days of hospital discharge, and this need for additional care increased significantly with advancing age (Po.001). Table 2 lists the distribution of skilled care requirements across facility types by age group. Half (50.3%) of patients aged 80 and older required skilled care, with most requiring admission to a SNF (23.0%) or readmission to an acutecare hospital (38.9%) within 100 days after discharge. There was considerable cross-facility use, which is reflected in the ''multiple facilities'' category in Table 2 .
Immediate discharge locations for CABG patients by age are given in Figure 1 . Most patients were discharged home, but many of these patients were later readmitted to an acute-care hospital or a SNF. Of patients aged 80 and older, 71.9% were discharged home after cardiac surgery. Of these, 30.6% were later readmitted to an acute-care hospital, and 3.3% were admitted to a SNF. Readmission to an acute-care facility was also common (41.0%) in patients aged 80 and older who were initially discharged to a SNF. Overall, 912 of the 8,757 patients (10.4%) were readmitted to a hospital two or more times within the 100-day period, and 205 (2.3%) were admitted to a SNF two or more times within the 100-day period.
During the 100-day period after discharge, 23.0% of patients who were aged 80 and older, 12.9% of those aged 
DISCUSSION
Older age has a considerable effect on the likelihood of admission to a SNF and the use of other skilled care services after CABG, with half of all patients aged 80 and older requiring some skilled care after hospital discharge. Of patients transferred directly to SNFs, 27% had extended stays of more than 30 days. Approximately one-third of those aged 80 and older had extended stays. Other adverse outcomes, including death and hospital readmission, were also significantly more likely these older patients. All of these relationships remained significant after adjustment for multiple confounders, including sex, race, surgical priority, and comorbid conditions. These findings suggest that the likelihood for postdischarge skilled care requirements for the very elderly is substantial after CABG. The surgeon and patient must carefully consider this when assessing operative risk. Substantial use of SNFs after CABG affects the decision to operate in two important ways. First, at the individual level, the need for a stay at a SNF is an important issue for elderly patients and their families. There remains a great fear among elderly patients and their families concerning the use of skilled nursing services, given their potential association with a loss of independence, prolonged stays, and decreased quality of life. 17, 18 Second, from a populationbased perspective, the use of these services after discharge dramatically increases resource utilization. It is important to assess the overall effectsFnot just in-hospital costsF associated with surgical revascularization in this age group, especially when making comparisons to less-invasive options such as percutaneous coronary intervention and medical therapy. These options may be limited in some patients who need to undergo CABG under emergent conditions and in whom alternatives are not possible.
There are likely several reasons for these findings. These include a higher risk of postoperative complications such as cerebrovascular accidents, renal insufficiency, and wound infections associated with sternotomy or saphenous vein graft harvesting in the very elderly. 5 Even without overt cerebrovascular accidents, cognitive dysfunction after CABG is an increasingly recognized issue in very elderly patients and may also contribute to longer recovery times and additional nursing requirements. 19 Another explanation for higher rates of discharge to SNFs in very elderly patients may be poorer social support systems, such as the absence of a living, independent spouse, than in younger patients. 20 This study should be interpreted in the context of the following limitations. First, it evaluated only residents of Michigan. Although Michigan is diverse in terms of ethnicity and socioeconomic status, there is evidence that the use of skilled care services after acute-care hospitalizations varies substantially based on geographic region. 21 However, the readmission rate to acute-care facilities in those aged 80 and older (38.9% in 100 days) in this study was similar to previously reported rates. 10 Second, it was not possible to capture all relevant factors associated with need for additional skilled careFsuch as functional status, cognitive status, and social supportFin the multivariable models because of limitations of Medicare data files. These factors often are lacking in administrative data but have been shown to have a substantial influence on skilled care requirements in older people. 20, 22 Future research should focus on this area for early identification of those who are at the highest risk of needing additional skilled care. Similarly, it was not possible to account for some clinical covariates such as severity of coronary disease or left ventricular systolic function. Third, outcomes were evaluated during the 100-day period after hospital discharge. Examining the influence of age on longer-term outcomes, including permanent SNF requirements, is needed.
In conclusion, use of SNFs and acute-care hospitals within the 100-day period after hospital discharge after CABG is common in elderly patients. Half of patients aged 80 and older used a skilled care facility, with most requiring healthcare services at SNFs or acute-care hospitals. Physicians, patients, families, and policy-makers need to consider these findings when balancing the risks and benefits of CABG in individual patients. In addition, systems of care should be established with the expectation that a substantial number of elderly patients will require close follow-up after CABG, including the use of SNF care.
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